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EXPERIMENTAL INVESTIGATION OF SOME THERMODYNAMIC 
ASPECTS OF REFRIGERATING COMPRESSORS 
J. M. Hughes, Engineer, General Electric Co., Knolls Atomic 
Power Laboratory, Schenectady, New York 
E. B. Qvale, Professor, Laboratoriet for Energiteknik, 
Danmarks tekniske H¢jskole, Denmark 
J. T. Pearson, Associate Professor, School of Mech. Engr., Ray W. Herrick 
Laboratories, Purdue University, Lafayette, Indiana 
ABSTRACT 
This study investigates the following 
aspects of the thermodynamic phenomena of a 
reciprocating refrigerating compressor: 
1) Three methods for the measurement of 
manifold heat transfer coefficient were 
developed and the experimental uncertain-
ties and the differences in the results are 
discussed. 2) The heat transfer coeffi-
cient in the valve passage of a ringplate 
valve was measured. 3) Valve leakages 
were measured under various conditions. 
And 4) The mass fraction of oil in the 
refrigerant flow was measured directly and 
indirectly. These results are applicable 
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The existing mathematical models of re-
frigerating compressors are based upon a 
number of assumptions and approximations. 
Some of these assumptions can be justified 
by order-of-magnitude arguments, some are 
the result of experience with other types 
of machinery in parallel situations, but 
some are based almost entirely on guess-
work. The present investigation was 
initiated first to provide a check of some 
of the often used assumptions and approx-
imations and second to produce data for 
design purposes. In particular, the in-
vestigation was aimed at improving a 
description of the elements needed in the 
energy-conservation equations for a 
reciprocating compressor. 
The topics covered in this paper are: 
1. Measurement and correlation of heat 
transfer coefficients in suction and 
discharge manifolds with the develop-
ment, use, and comparison of three 
measuring techniques. 
2. Measurement and correlation of heat 
transfer coefficients in valve passages. 
3. Measurement of valve leakages. 
4. Direct and indirect measurements of oil 
mass fraction in the refrigerant flow. 
The results of the first three topics o~ 
this investigation are of immediate 
interest to all compressor models while the 
fourth topic becomes i~portant wh~n the 
oil flow amounts to a significant fraction 
of the refrigerant flow. 
These four particular phenomena were se-
lected because they all give rise to 
similar changes of the refrigerant tem-
perature before, in, and after the compres-
sor, these phenomena must be distinguished 
and evaluated separately. 
EXPERIMENTAL TEST SET UP 
The compressor was tested in the hot-gas 
bypass loop test stand shown in Figure 1. 
Fig. 1 Schematic of Compressor Load Stand 
The compressor used was a three cylinder 
nonhermetic compressor with suction valve 
unloading capacity control using R22. 
Tests involving the suction valve passage 
were performed on a spare cylinder attach-
ed to a flow be~ch equipped with a sharp 
edged orifice to measure flow rate. 
HEAT TRANSFER COEFFICIENTS IN COMPRESSOR 
MANIFOLDS 
The heat transferred to the refrigerant 
in the suction manifold may increase the 
temperature of the suction gas 20 to 30 
percent; therefore, this heat transfer is 
important. 
Although the measurements obtained on one 
compressor design usually will not be 
directly applicable to another because of 
th~ di!ferences in the nature of the flow 
patterns, with a couple of judiciour 
measurement~ of temperatures and heat 
transfer c0efficient, it is possible to 
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calculate the magnitude of the heat 
transfer rates in the discharge and the 
suction manifolds. This study, therefore, 
concentrated on the development of some 
practical methods for the measurement of 
local heat transfer coefficients, and 
three methods were investigated. 
Heat Flux Meter 
This SENSABLE heat flux meter (HY-CAL 
Engineering Company, Santa Fe Springs, 
California), consists of a small tablet 
(1/2 inch dia. x 1/10 inch thick) that is 
cemented to the surface to be investigated. 
It produces an electric potential by the 
thermoelectric effect proportional to the 
heat transfer rate through the meter. 
The meter was calibrated by the manufac-
turer who estimated the accuracy to be 
within a couple of percent. 
Cylindrical Fin Inserted in the Gas Stream 
The equation for the temperature distri-
bution in a fin with insulated tip and one-
dimensional heat flow is given by 
where 
cosh (m ( L - X) ) 
cosh (mL) 
hP 1/2 
m - (kA) 
f 
( 1) 
This equation can be solved at X = L to 
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With this expression only the temperatures 
at the tip and at the root of the fin are 
needed to find the heat transfer coeffi-
cient. An error analysis, however, shows 
that the fin is extremely sensitive to 
inaccuracies in the temperature measure-
ment and a ± O.SQF error in the temper-
ature measurement on a 1/2 inch long fin 
leads to errors from 15 to 25 percent for 
typical conditions. In addition the heat 
transfer coefficient for the cylindrical 
fin will differ to some extent from the 
heat transfer coefficient of the chamber 
surfaces. 
Plate-Heater 
A small (1/2" x 1/2" x 0.1") 5-watt 
~llicone rubjer heater (Watlow Manufac-
turing ~ompany, St. Louis, Missouri) ~as 
mou~~ed as showp in Figure 2. The heat 
flow rate and thereby the heat transfer 
Heater cornpressor Wall 
Fig. 2 Schematic of the Plate-Heater 
Sandwich 
coefficient was calculated by measuring the 
temperature drop across the 0.126 inch 
thick bronze plate. If the heat transfer 
is assumed to be one-dimensional, the 
accuracy should be around 10 percent for 
typical conditions. 
Before the results are presented, it is 
worth noting that the inherently least 
accurate device, the fin, was not only 
operationally the most convenient and most 
sturdy but it also gave the best repeat-
ability. The output of the heat flux meter 
contained noise and tended to fluctuate 
while the plate-heater was quite difficult 
to keep in working order. 
The three devices were mounted in the 
center cylinder discharge chamber, and the 
data for a number of runs were tabulated. 
The results tabulated in Table 1 indicate 
the considerable deviations between the 
various values. Two of the devices, the 
heat flux meter and the fin, rely on the 
heat flow originating from the compressor 
itself, and when this heat flow is reduced, 
the accuracy of the devices is reduced 
drastically. Therefore, the plate-heater 
must be considered the most accurate over 
the entire range. 
HEAT TRANSFER COEFFICIENTS IN VALVE 
PASSAGES 
Since discharge and suction gases flow 
through very narrow valve passages with 
small thermal resistance, there is the 
possibility of a significant amount of heat 
transfer from the discharge gas to the 
suction gas which would in turn decrease 
the thermodynamic and the volumetric 
efficiencies proportionally to the increase 
in inlet temperature of the gas. An under-
standing of this heat transfer is therefore 
important. In a special flow bench test, 
the entire valve assembly was heated and 
air was forced through the valve assembly 
at a steady rate. The temperatures of the 
solid surfaces and of the air before and. 
after the valve assembly were measured. 
The results can be correlated with the 
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Table 1 
Measurements of Averaged Heat Transfer 
Coefficients (BTU/hr ft 2 °F) Inside Dis-
charge Chamber No. 2 Above Discharge Port 
Run Heat Plate- Fin Cylinders Discharge 
Flux Heater Loaded Pressure 
Meter (psig) 
l 152 394 66 1,2&3 262 
2 75 104 15 1&3 262 
3 196 416 94 2 262 
4 189 306 57 1,2&3 210 
5 152 350 65 1,2&3 210 
6 35 116 13 1&3 210 
7 37 149 13 1&3 210 
8 258 241 145 2 210 
9 221 271 so 2 210 
10 lOS 250 39 1,2&3 160 
11 150 290 56 1,2&3 160 
12 36 141 14 1&3 160 
13 24 148 15 1&3 160 
14 184 218 66 2 160 
15 171 248 65 2 160 
expression: 
(3) 
If one uses this correlation to calculate 
the heat transfer to the suction gas on a 
typical refrigerating compressor, it is 
found that the efficiencies are reduced by 
about 2 percent. 
VALVE LEAKAGE 
When the suction valve is closed, there is 
a possibility of leakage from the compres-
sor cylinder back into the suction mani-
fold. Because this leakage will be regis-
tered as a reduced volumetric efficiency 
of the compressor and an increased temper-
ature of the gas in the suction manifold, 
it is indistinguishable from manifold heat 
transfer under normal compressor operation. 
It is, therefore, important to determine 
the magnitude of the leakage. Such a study 
cannot be conducted under normal compressor 
operation, but has to be carried out on a 
separate test rig. The set up used is 
shown in Figure 3. High pressure air, the 
flow medium, was supplied to the cylinder 
side of the suction valve. The leakage 
flow, measured as a function of upstream 
pressures, was collected and channeled to a 
positive-displacement wet test meter. The 
valve surfaces were oiled to simulate the 
sealing effect occurring under normal 
operating conditions, and for some runs, the 
test rig was clamped tightly to the com-
pressor to obtain the effects of vibra-
tions on the leakage area. The results of 
the tests are shown in Figure 4. 
There is little difference between the 
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Fig. 4 Effective Area vs Stagnation 
Pressure for Leakage Flow 
furthermore, the leakage cross-sectional 
area is quite small compared to the total 
valve area. It has to be remembered, 
nonetheless, that the pressure during 
which the leakage occurs is quite high, 
and the leakage flow will typically 
increase the suction temperature by some-
thing less than one percent while decreas-
ing the volumetric efficiency by about two 
percent. 
If the valve is worn abnormally, the 
effective leakage area may increase by a 
factor of five or more. 
DIRECT AND INDIRECT MEASUREMENTS OF OIL 
MASS FRACTIONS 
The oil contained in the refrigerant will 
increase the mass flow through the system; 
however, the oil will be in the form of 
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droplets and liquid film when flowing 
thrDugh the measuring orifices and hence 
its mass flow rate will not be accurately 
measured. In addition, the oil will act 
as a heat sink during the compression and 
possibly reduce the work required to 
perform the compression of the refrigerant 
gas. Thus, it is important to determine 
the oil fraction of the total mass flow. 
The percent of oil flowing with the 
refrigerant can be measured in several 
ways: by extracting a sample of the 
mixture from the line and measuring the 
ratio of refrigerant to oil, by separating 
the oil through use of separators, or by 
inference from the measured apparent 
difference between the energy extracted 
in the condenser and the power. The two 
latter methods were used in this inves-
tigation. 
Measurement by Use of Separators 
The test loop is shown in Figure 5, Three 
separators were used to insure that all 
the oil was trapped. The oil concentra-
tion at the exit of the three separators 
was less than 0.3 percent. 
Fig. 5 Schematic of the Oil Separators 
The measured results are shown in Figure 
6. 
Calculation from the Apparent Discrepancy 
Between Energy Put Into the Compressor 
and Taken Out of the Condenser 
If an energy balance is taken across the 
condenser and then across the compressor, 
the oil fraction can be expressed by (1] 
y (4) 
'· 
' '·' ' 
c .. 
-
" -= "·'! 
0 
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Fig. 6 Plot of Oil Percent vs Total Mass 
Flow Using Separators 
The results using this expression are 
shown in Figure 7. The scatter is probably 
caused by the not insignificant error due 
to temperature and mass flow measurements 
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CONCLUSIONS 
Four phenomena of importance in the study 
of the energy transfer in a refrigerating 
compressor have been investigated. Heat 
transfer coefficients in the manifolds 
were determined by three methods. The 
differences in the measured results 
illustrate that only one of the devices, 
the heater, can be used over a wide range 
of values of the heat transfer coefficients 
since it generates its own heat flow. 
Since the heat transfer in the manifolds 
often leads to significant reduction of 
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the efficiency of the compressor, it is 
important that the correct device be used. 
The heat transfer through the valve 
passages has been evaluated, and although 
it is significant enough to be included in 
a mathematical model it is of less impor-
tance than the manifold heat transfer. 
Leakage flows are moderately significant, 
but in the case of abnormally worn valves, 
the effect can be quite large . 
The two methods for the measurement of oil 
flow rates developed indicate that the 
amount of oil entrainment may be signif-
icant enough that it should be included 
in the mathematical description of the 
compressor. 
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